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NEW DIESEL ENGINE DEVELOFPED BY USSR

Morskoy i1 Rechnoy Flot, No 7
Moscow, Rov 1953

The Soviet machine-building industry has developed 2 new diesel engine,
the BDR 30/50. This engine has been presented as the eight-cylinder model,
for many stationary and ship installations, of the D and DR 30/50 types which
were produced with four and six cylinders. It is designed for use on ships
having direct engine-propellor drive.

The 8DR 30/50 is a vertical, two-cycle, single-action, trunk-piston, solid-
injection (with jet fuel spray), direct-reverse engine.

The engine's technical characteristics are as follous:

Brake horsepover at 300 rpm 8oo

Number of cylinders 8

Diameter of cylinders : 300 mm

Length of stroke 500 mm

Average piston speed 5 m/sec :
Compression ratio 12.9
Average brake pressure 4.25 kgfen?
Average indicated pressure . 5.6k kg/cn? ,
Pressure on the compression stroke 34-37 kg/t:m2 j:
Maximum ignition pressure 62 kg/e:m2 t

Minimum engine speed afilovdmgicontdmwousp. v i(.ii ¥ ™,
operation, at 40-60 brake hoOrsepover © 100 rpm

The epgine's dimensions are as follows:

Length over-all : 5,685 mm i
Width over-all 1,615 mm
Height over-all 3,200 mm ;
Height from the bed plate flange 2,630 mn :

The welght of the engine (without installation parts) is as follows: i
Dry 25,000 kg max
With water and oil 26,000 kg mex i

Other specifications of the engine:

Length of service before capital repairs 8,000 hrs win :
Fuel consumption a2t normal operating load 185 gr fbrake hp-hr
max
-1 -
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Lubricating oil consumption at ncrmal load 6 gr/brake hp-hr max
Fuaol:

Soler oil GOST 1666-51

or
Diesel oil GOST 305-h2

Lubricating oil:

Motor T ' GOST 1519-k2

In many cases, automobile lubricating oil No 10 (GOST 1862-42) and diesel
oil GOST 1600-4k6 can be substituted.

The new engine is being produced in both clockwise and counterclockwise
models,

[See appended figures 1 and 2 for dimensions and cross-section
views of the 8DR 30/50 engine.]

Construction of the BDR 30/50 engine

The bed plate is a single iron casting. The frame bearing dlocks are of
steel, plated w:lh BN-grade nickel bobbitt. The block-crankcase is of cast
iron, cast in two parts ecchn housing four cylinders. The cast-iron cylinder
liners are & wet, replaceable type.

The block-crankcase is connected to the base plate with bolts and short
truss bolts. Both cylinder covers are one piece of cast iron resting on the
liner and are connected to the block with eight pins each. The crankshaft is
a seamless steel forging with an attached shaft for the scavenging air pump.
The connecting rods are round steel forgings, center-drilled to allow passage
of lubricating oil to the rod-end bearings. The permanent upper end is fitted
vwith a pressed dbronze bushing. The removable lower rod end is in two parts,
which are fabricated of steel plated with grade B-83 babbitt. The pistons
are one piece castings of cast-iron alloy, noncooled, with five comnressor
rings and two oil rings. The plston.pins are a floating type. The blow-off
system 1Is the transverse port assembly developed by the Russkiy Dizel' Plant.

The fuel system is made up of one low-pressure fuel pump, an individual
fuel inJection pump for each cylinder, closed-type jets, a coarse-fuel filter,
dand & double-fine filter, using a felt-ring and port assembly. The fuel injec-
tion pumps are high-pressure pumps, made up of a steel housing connected to a
cast~iron bracket. Within the housing, there is a pump liner and plunger, an
automatic intake valve, a cam-controlled exhaust valve, and a safety velve.
The pump plunger is set in motion by a cam plate of symmetrical shape, thus
making unnecessary the reversing of the main fuel pump. The inlet valve also
serves as ‘a bypass valve; therefore, the amount of fuel delivered by the pump
is controlled at the beginning of injection. The injection nozzle is oil
cooled. The mozzle jet is perforated, and pressure on the open nozzle needle
is 220 kilograms per square centimeter. A slit filter is fitted into the
nozzle body.

The engine governor, located at the end of the camshaft, is centrifugal
and single action. A change in engine speed 1s achieved by use of the fuel-
pump control lever.

The starting system employs compressed air under a maximum pressure of
30 atmospheres. The starting system is & combination type, i.e., the start-
ing eir is introduced simultaneously with fuel. Revercing the engine is accom-
plished by a change of direction in the air supply.
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Lubrication for the crank-pin bearings, the crankshaft journal bearings,
the connecting-rod upper ends, the camshaft and drive, the fuel-pump drive, ana
other parts 1g circulated by a reversing gear pump. Lubrication for the cylin-
ders, Geavenging-pump bearings, compressor cylinder, water-pump drive, and air
Aistributor is delivered by five high-pressure lubricators. ‘

Included in the circulating oil system are a coarse-mesh filter and & fine
filter fitted with an ASFO-1 element. With this system in operation, lubricat-

ing oil'may be used for a period of 500 hours while the filter elements can be
used for 100 hours,

1 The o1 cooler is of ordinary tubular design. In order to improve the
heat carry-off and redute the: veight of the cooler, an assembly of alluminum
dlaphragms hag been installed in the pipes.

The enginme is cooled by water circulated by a piston pump attach i to the
engine. The pump is double action and is started frow the crosshead of the
Scavenging pump with the aid of a balance.

The scavenging pump is a tandem piston type with slide-valve distribu-
tion. The Pump cylinder is divided into two sections, each section vorking
88 an individual double-action pump. A single-step compressor is mounted on
the upper pump cover to supply air to the starting tanks. The compressor pis-
ton is conmected to the scavenging-pump rod and when the engine begins operat-
ing the compressor is set in motion. The compressor automaticully maintains
4 ‘pressure of 30 kilograms per square centimeter in the starting tanks.

Performance ‘of the GIR 30,50 Engine in Trials

The. 8DR '30/50 engine ran a total of 2,755 hours in final tests. Of this,
623 hours were in preliminary tests, 505 hours in interdepartmental tests,
1,527 hours' in plant tests after installation of low-alloy cast-iron pistons,
end 100 -hours in control tests,

"Under all conditions, the BDR 30/50 oéerated smoothly and'reliably ful-
filled. technical specifications according to all parameters.

- Fuel consumption at idling speed of 190 revolutions per minute was 17.k
kilograms per hours. With the engine in reverse at an output of 400 brake
horsepower and & speed of 240 revolutions per minute, the fuel consumption
was 189.6 grams per brake horsepower-hour. With the engine operating at 300
revolutions per minute and 800 brake horsepover, the exhaust back pressure
reached 403.3 millimeters of water column and the scavenging eir pressure
reached 141.4 millimeters of mercury column.

-Engine starting was accomplished by the use of three compressed-air
tanks with an aggregate capacity of 600 liters under a pressure of 30 kilo-
grams per square centimeter. Air expenditure for one start (without calculat-
ing leakage or temperature fluctustions) was 790 liters (reduced to one kiloe
gram per square -centimeter at surrounding temperature), or .99 liters per
horsepower, or 2.79 liters per 1'ter capacity of the engine cylinder.

The engine was reversed from these same eir tanks. From an original
pressure of 30 kilograms per square centimeter to T kilograms per square
centimeter (the minimum pressure at which reversal was still possible), the
engine was reversed nine times. The average time required for reversing was
6-7 secouds. The average expenditure of air for one reversal was about 1,533
liters. .
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The oinimum stead
load of 60 trake.hors
revolutions per ninute.

¥ number of revolutions of the engine under a minimun
epover was 100 per minute; the minimum possible was 75

The consumption of circulating lubricants was .
.73 grams per brake horsepower -hour,
wes .74 kilograms per hour or
total consumption was 1.70 gram

586 kilograms per hour or
and the consumption of forced lubricants
.97 grams per brake horsepower-hour. Thus the
§ per brake horsepower~-hour. )

The wear on crankshaft Journals and crankpins after 2,754 hours of oper-
ation is shown in Table 1.

. The maximum wesr on the ma
2,75k hours of operation was 4
meters, The average maximum we!
operation was' .21 millimeters.

in bearings (plated with BN-grade babbitt) after
9 millimeters, and the minimum was .01 milli-
ar for all nine bearings after 2,75k hours of

* The mggimum wear of the connecting-rod bearings (plated with grade B-83
babbitt) after 1,152 hours of operations was .07 millimeters, and the minimum
vas .00 millimeters. o

The piston pins are a Tloating type fabricated from grade 20 steel, with
vworking parts case harden

! rdened and quenched to a hardness of 58-62 on the Rockwell
C scale. The m.ximum wear on these pins after 1,152 hours of operation was .05
millimeters.

The waximum wear on the connecting-
OF 10-1 bronze) after 1,152 hours of ope
2,754 hours it reached .27 millimeters.

rod upper-end bushing (made of grade
ration was .08 millimeters and after

The length of service for a cylinder liner was 6,000-12,000 hours, or an
average of 9!000 hours .
Table 2 gives the average wear on the rings, increase in their gap size,
and 1os§ of weight gfter 1,152 hours of operation.
During preliminary trials of 505 hours,
of the formation of cracks on the surfaces an
This same defect has developed in engines with four and six cylinders of the
D and. ‘DR series. The shipyard irmediately begar research on this problem.
They compiled data on piston temperatures, examined materials .aken from defec-

tive pistons, and conducted experiments in meking heat-resistant cast-iron
alloys. : ’

the engine broke down as a result
d edges of the piston bottoms.

The temperature differential between the edge and the center of the pis-
tor bottom was found to be 1ko degrees centigrade. The maximum temperature
on the-side surfaces of the first piston ring was at least 350 degrees centi-

grade, while the maximum at the edge of the fifth compressor ring was as low
as 240 degrees centigrade.

The data compiled In these tests allowed the shipyard to make two basic :
conclusions: )

: 1.
(1) The appearance of cracks was not due to :

pressures from the high tem-
perature differential, since the temperature differential on the piston bottom

vas relatively: light -- 140 degrees centigrade over a length of 150 willimeters
or about one dggree centigrade per millimeter.

'(2) The temperature in the center of the piston bottom exceeds 500 degrees - : '
centigrade; thus, during extended operations the pearlitic structure of ordinary ;
cast iron will break down. As a result, the cast-iron crystals enlarge and

microscopic cracks appear vhich develop furiher under the influence of high-
temperature oxidizing gases.

-l
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tons,Q::gti:iize‘?{amaterials were recommended and tested for use in the pis- F

with chroge ( 35_.“215— of these trials a cast iron was developed in alloy . -

resistant and oouy bercent) ard nickel (.3-.33 percent) which was heat D
o én 'wouAJ..d thus prevent the formation of cracks. '

’ With-

with one ﬂﬁ:::g; wade from the new alloy, the engine operated 1,527 hours

tons after 1 152 lj;glgmto ;nsl’e‘-'t the pistons. The average wear on these pis-
4 : 5 of operation . - .

on any one piston of .09 mi{]_imeters‘.’as 022 willimeters with a me..mum wear

[ See tables on following pages./
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Table 1. Engine Wear (in millimeters) of 8DR 30/50

Cra ins . Mzain Cr: t Journals
Maximum iﬁnimxm Average Maximum Minimum Average ‘_
to Ver- ° Hori- Ver- Hori- Ver- ° Hori- Ver- Ho;:‘il- Ver- Hori- Ver- Hoi-i,- )
1 0.18 0.14 0.01 0.025 0.12 0.098 0.08 - 0.02 --- 0.0k -
2  0.13 0.15 0.06 0.0k 0.107 o0.11 0.0k 0.025 0.02 0.00 0.03 0.015
3 o.21 0.15 0.03 0.02 0.13 0.10 0.10 0.07 0.02 0.02 0.05 0.0k
; 4 0.17 0.125 0.025 0.035 0.11 0.083 - 0.0k - 0.00. - 0.027
<I7\ 5 0.155 0.12 0.03 0.03 0.11 0.09 0.07 0.05 0.01 0.00 0.043 0 .3
! 6 0.1 0.13 0.04 0.03 0.083 0.09 0.08 0.09 0.06 0.02 0.07 0.063
7 0.3 0.1% -- 0.01 0.125 0.083 - 0.06 - 0.02 - 0.04
8 0.155 0.18 0.0 0.03 0.111  0.027 0.10 0.09 0.0L 0.C. 0.05 0.043
9 - - - - - - 0.0k 0.0k 0.02 0.00 0.03 0.016
Over-all

average 0.155 0.1k2 0.03 0.027 0.112 0.098 0.073 0.058 0.023 0.009 0.045 0.034
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Table 2. Wear on Rings of 8DR 30/50

Average Wear of Rings for All Cylinders (in millimeters)

" 'Redial Thickness ' Height _ . Gap Increase (in millimeters) Average
= Weight Loss

Maximum Minimum Average Maximum Minimum Average Maximum Minimum Average (in grams)

0.284 0.03% 0.186 0.011 0.001 0.006 . 0.9 0.3 0.53 7.885
0.160 0.051 0.095 0.027 0.003 0.015 0.7 0.0 0.35 6.305
0.095 0.023 0.060 0.009 00006  0.00% 1.2 0.2 0.53 3.805
0.19% 0.050 0.120 0.022 0.0006 0.006 0.95 0.15 0.57 6.998
0.29L 0.122 0.200 0.022 0.002 0.007 1.45 0.35 0.66 8.604
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